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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a gasoline engine 
capable of improving the output of the engine and reducing the 
power consumption producing a condition for accelerating the 
combusting reaction in a combustion chamber or the like by 
utilizing the plasma, and shortening a combustion period. 
SOLUTION: In this gasoline engine comprising the combustion 
engine 34 and a fuel injection nozzle 1 1 for injecting the fuel 
toward the combustion chamber 34, and combusting the fuel 
from the fuel injection nozzle 1 1 in the combustion chamber 34, 
discharging electrodes 21 and 22 are mounted for producing the 
discharging in a fuel passage 20 of the fuel injection nozzle 11. 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1 ] The combustion chamber established in the cylinder in which the piston was held possible 
[ reciprocation ], or said piston and a cylinder, In the gasoline engine is equipped with the fuel injection 
nozzle which injects a fuel towards this combustion chamber, and the fuel from this fuel injection nozzle 
was made to burn in said combustion chamber The gasoline engine characterized by having the fuel 
injection nozzle which has the nozzle hole which injects a fuel in the shape of a fog, and the fuel path which 
leads the fuel from a fuel-supply means to said nozzle hole, and having farther the plasma developmental 
mechanics which generates discharge at said fuel path through which the fuel injected from said nozzle hole 
passes. 

[Claim 2] Said plasma developmental mechanics is a gasoline engine according to claim 1 characterized by 
having the plasma generator which is electrically connected with the discharge electrode of the pair which 
estranged mutually to the tube wall of said fuel path, and has been arranged, and both discharge electrodes, 
and impresses high-frequency voltage among both discharge electrodes. 

[Claim 3] The gasoline engine according to claim 1 or 2 by which it is having-further- fuel-injection 
detection means [ to detect the fuel -injection condition by said fuel injection nozzle ], and plasma control 
means which makes detection of the injection initiation by this fuel-injection detection means impression 
start condition to said discharge electrode characterized. 

[Claim 4] Said plasma control means is a gasoline engine according to claim 2 or 3 characterized by being 
what changes the electrical potential difference impressed to said discharge electrode according to the 
detection result of the injection quantity by said fuel-injection detection means. 

[Claim 5] Said plasma developmental mechanics is a gasoline engine according to claim 1 characterized by 
being a thing equipped with the discharge coil prepared in the tube wall of said fuel path, and the plasma 
generator which is electrically connected with the both ends of this discharge coil, and energizes the high 
frequency current to this discharge coil. 

[Claim 6] The gasoline engine according to claim 5 by which it is having- further- fuel-injection detection 
means [ to detect the fuel-injection condition by said fuel injection nozzle ], and plasma control means 
which makes detection of the injection initiation by this fuel-injection detection means energization start 
condition to said discharge coil characterized. 

[Claim 7] Said plasma control means is a gasoline engine according to claim 5 or 6 characterized by being 
what changes the current energized to said discharge coil according to the detection result of the injection 
quantity by said fuel-injection detection means. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the injection gasoline engine in a cylinder using a plasma 

generator. 

[0002] 

[Description of the Prior Art] The general injection gasoline engine in a cylinder makes the combustion air 
sent to the combustion chamber by the inhalation-of-air path connected to the combustion chamber 
compress by actuation of a piston, and let it be the compressed air. The high-pressure gasoline (fuel) 
atomized to the compressed air is injected, and the gaseous mixture of the compressed air and a fuel is 
generated. It is considering as the structure where carried out the forced ignition by the spark with the plug 
to this compressed gaseous mixture, and driving force has been obtained. 

[0003] In the injection gasoline engine in a cylinder, there is a combustion system called the lean 
combustion (lean burn) which burns gaseous mixture thinner than theoretical air fuel ratio as a way stage of 
improvement in specific fuel consumption. Here, an air-fuel ratio is a weight ratio of air and a fuel, and 
theoretical air fuel ratio is an air-fuel ratio at the time of using the air of a complement in order to carry out 
the perfect combustion of the fuel theoretically. In the injection gasoline engine in a cylinder, lean 
combustion (lean burn) of the gaseous mixture with a combustion air is generated and carried out in a 
combustion chamber by injecting injection of a fuel with high pressure, in order to carry out lean 
combustion (lean burn), and injecting a fuel as the shape of a fog further. 
[0004] 

[Problem(s) to be Solved by the Invention] however, the combustion with the slow rate of combustion the 
combustion system of lean combustion (lean burn) can reduce the nitrogen-oxides (NOx) carbon monoxide 
(CO) which is an injurious ingredient in combustion gas by amelioration of a combustion chamber or 
improvement of combustion by high-pressure-izing and atomization of fuel injection, and ignitionability 
tends to carry out [ combustion ] a flame failure bad although the effectiveness that low fuel specific 
consumption can be attained is expectable is unstable — etc. — the uneasy factor is held. 
[0005] Therefore, by making the conditions which promote a combustion reaction to a combustion chamber, 
raising ignitionability to gaseous mixture, and shortening the rate of combustion, this invention makes it a 
technical problem to offer the injection gasoline engine in a cylinder it was made to raise the responsibility 
of combustion while reducing the nitrogen oxides and the carbon monoxide which are an injurious 
ingredient in combustion gas. 
[0006] $ 

[Means for Solving the Problem] The cylinder held by the 1 st invention according to claim 1 possible 
[ reciprocation of a piston ], In the gasoline engine is equipped with the combustion chamber established in 
either said piston and the cylinder, and the fuel injection nozzle which injects a fuel towards this combustion 
chamber, and the fuel from this fuel injection nozzle was made to burn in said combustion chamber It has 
the fuel injection nozzle which has the nozzle hole which injects a fuel in the shape of a fog, and the fuel 
path which leads the fuel from a fuel-supply means to said nozzle hole, and has further the plasma 
developmental mechanics which generates discharge at said fuel path through which the fuel injected from 
said nozzle hole passes. 

[0007] According to the 1st above-mentioned invention, in actuation of the injection type gasoline engine in 
a direct cylinder, a fuel is injected by the combustion chamber and generates gaseous mixture with air. This 
gaseous mixture is compressed like the rise line of a piston, serves as an elevated temperature, and the 
forced ignition of it is carried out with an ignition plug, and it burns. When plasma developmental 
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mechanics discharges at the fuel path in a fuel injection nozzle in the case of this fuel injection, the fuel 
which passes through that fuel path is electrified. Thus, since ionization of a fuel will be promoted and the 
combustion reaction will be promoted in case gaseous mixture is generated if the fuel in front of injection is 
charged, the time amount taken to complete a combustion reaction by the forced ignition by the ignition 
plug is shortened. Consequently, the combustion efficiency of a fuel improves compared with the 
conventional gasoline engine, and generation of harmful matter, such as nitrogen oxides resulting from the 
incomplete combustion of a fuel and a carbon monoxide, is reduced. 

[0008] In addition to the 1st configuration of invention, said plasma developmental mechanics is electrically 
connected with the discharge electrode of the pair which estranged mutually to the tube wall of said fuel 
path, and has been arranged, and both discharge electrodes, and the 2nd invention according to claim 2 is 
equipped with the plasma generator which impresses high-frequency voltage among both discharge 
electrodes. 

[0009] According to the 2nd above-mentioned invention, a plasma generator impresses high-frequency 
voltage to a discharge electrode, and generates discharge at the fuel path of a fuel injection nozzle, 
consequently, the fuel which passes through the inside of this fuel path — being charged — the gaseous 
mixture after injection — ionization of the fuel in a generate time is promoted. 

[0010] In addition to the configuration of the 1st or the 2nd invention, the 3rd invention according to claim 3 
is further equipped with a fuel-injection detection means to detect the fuel-injection condition by said fuel 
injection nozzle, and the plasma control means which makes detection of the injection initiation by this fuel- 
injection detection means the impression start condition to said discharge electrode. 

[001 1] If the injection initiation by the fuel injection nozzle is detected by the fuel-injection detection means 
according to the 3rd above-mentioned invention, a plasma generator will start impression of the high voltage 
to a discharge electrode. Thereby, discharge is exactly generated to a fuel just before being injected or 
injected by the combustion chamber by^the fuel injection nozzle. 

[0012] In addition to the 3rd configuration of invention, the 4th invention according to claim 4 changes the 
electrical potential difference which impresses said plasma control means to said discharge electrode 
according to the detection result of the injection quantity by said fuel-injection detection means. 
[0013] Detection of the fuel quantity which is injected by the fuel injection nozzle with a fuel-injection 
detection means according to the 4th above-mentioned invention changes into the value according to 
injection fuel quantity the electrical potential difference impressed to a discharge electrode corresponding to 
the injection fuel quantity. Thereby, the plasma of the reinforcement corresponding to injection fuel quantity 
occurs, and ionization of the fuel is performed efficiently. 

[0014] In addition to the 1st configuration of invention, said plasma developmental mechanics is electrically 
connected with the both ends of the discharge coil prepared in the tube wall of said fuel path, and this 
discharge coil, and the 5th invention according to claim 5 is equipped with the plasma generator which 
energizes the high frequency current to this discharge coil. 

[0015] According to the 5th above-mentioned invention, a plasma generator energizes the high frequency 
current to a discharge coil, and discharge is generated according to induced electromotive force at the fuel 
path of a fuel injection nozzle, consequently, the fuel which passes through the inside of this fuel path — 
being charged — the gaseous mixture after injection — ionization of the fuel in a generate time is promoted. 
[0016] In addition to the 5th configuration of invention, the 6th invention according to claim 6 is further 
equipped with a fuel-injection detection means to detect the fuel-injection condition by said fuel injection 
nozzle, and the plasma control means which makes detection of the injection initiation by this fuel-injection 
detection means the conditions of the energization initiation to said said discharge coil. 
[0017] If the injection initiation by the fuel injection nozzle is detected by the fuel-injection detection means 
according to the 6th above-mentioned invention, a plasma generator will start energization of the high 
frequency current to a discharge coil. Thereby, discharge is exactly generated to a fuel just before being 
injected by the fuel injection nozzle. 

[0018] In addition to the 8th configuration of invention, the 7th invention according to claim 7 changes the 
current which energizes said plasma control means to said discharge coil according to the detection result of 
the injection quantity by said fuel-injection detection means. 

[0019] Detection of the fuel quantity which is injected by the fuel injection nozzle with a fuel-injection 
detection means according to the 7th above-mentioned invention changes into the value according to 
injection fuel quantity the current energized to a discharge coil corresponding to the injection fuel quantity. 
Thereby, the plasma of the reinforcement corresponding to injection fuel quantity occurs, and ionization of 
the fuel is performed efficiently. 
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[0020] 

[Embodiment of the Invention] (The 1st operation gestalt) The direct gasoline-injection engine in a cylinder 
of 1 operation gestalt which materialized this invention is hereafter explained based on drawing 1 -4. 
[0021] As shown in drawing 3 , the principal part of a direct gasoline-injection engine (only henceforth an 
"engine") 32 is constituted by the cylinder block which has the cylinder of plurality (drawing one), and the 
cylinder head (illustration abbreviation) attached in the upper part. In each cylinder, the piston is held 
possible [ reciprocation ] in the vertical direction, and the depression of a cross-section omega (omega) 
typeface where the center section became shallower than the periphery section is formed in the crowning of 
the piston. The space surrounded by this depression and cylinder head constitutes the combustion chamber 
34. 

[0022] The cylinder head is equipped with the inhalation-of-air path for drawing air in a cylinder. The fuel 
injection nozzle 1 1 for injecting a fuel in the shape of a fog into the central part of a combustion chamber 34 
is arranged at the cylinder head. Moreover, the ignition plug 33 which lights gaseous mixture is installed in 
the part estranged a little from the fuel injection nozzle 1 1 . 

[0023] As shown in drawing 3 as an example of a fuel supply system, the equipment of the fuel-injection 
system 35 constituted considering the fuel injection pump 37 as a subject is attached to the engine 32. A fuel 
injection pump 37 is the format called an in-line pump, and is constituted by the feed pump 40, the pump 
body 41, the centrifugal spark advancer 42, and the timer 43. The fuel-injection system 35 supplies a fuel to 
an engine 32, and bears the work injected to a combustion chamber 34. The fuel of a fuel tank 36 is first 
sucked up with a feed pump 40, and after being filtered by the fuel filter 38, it is sent to a pump body 41 . 
The plunger of the number of engine gas columns and the same number is built in the pump body 41, and a 
fuel is fed via an injection pipe 39 from each plunger to a fuel injection nozzle 1 1 . At this time, the amount 
of supply of a fuel is adjusted by the centrifugal spark advancer 42 of a fuel injection pump 37, and a supply 
stage is adjusted by the timer 43. And as for the fed fuel, only an initial complement is injected by the fuel 
injection nozzle 1 1 in a combustion chajraber 34, and the remainder is returned to a fuel tank 36. In addition, 
in drawing 3 , the engine 32 has the gas column of the injection pipe 39 connected to the pump body 41 in 
fact, and the same number (here six), although only one gas column is illustrated. 

[0024] The fuel injection nozzle 1 1 is made into structure which presses down the point of a nozzle with a 
needle valve 12, and carried out the plug from the inside. Moreover, the solenoid coil 16 is installed in the 
end of a needle 12. The inside of a fuel injection nozzle 1 1 is mainly constituted in the nozzle body 13 by 
the nozzle assembly 18 which a needle 12 goes up and down, the nozzle holder 19 by which the spring 14 
which sets up an injection- valve opening pressure into the holder body 1 5 was contained, and the solenoid 
coil 16 which works a needle 12 up and down. The fuel path 20 for leading a fuel to a needle 12 is formed in 
the holder body 15 and a nozzle body 13. Furthermore, the upstream of the fuel path 20 is equipped with the 
fuel filter 17. If****** of this fuel flows to a rise and coincidence, a current flows to a solenoid coil 16 and 
the set force of a spring 14 is exceeded, a needle 12 will carry out a lift and fuel injection will be started 
from two or more nozzle holes 23 formed at the tip of a nozzle body 1 3. A fuel is injected by the radial in 
the four to 8 direction, carrying out rat tail atomization by the nozzle hole 23. ****** descends, and 
spraying will be completed, if the current to a solenoid coil 16 stops and a needle 12 will return to the 
original location with a spring 14. In addition, ****** in case a needle 12 begins to carry out a lift is called 
injection- valve opening pressure, and ****** when returning to the original location is called injection- 
valve closing pressure. 

[0025] In the fuel path 20 of a fuel injection nozzle 11, the discharge electrode 21 of a ring-like pair 
estranges mutually, and is arranged at it, and the plasma generator 27 is electrically connected to the 
discharge electrode 21. A dc-battery 28 jand the plasma control unit 26 are connected to the plasma generator 
27, and the plasma control system 29 is constituted. The plasma generator 27 impresses high-frequency 
voltage to a discharge electrode 21 in response to supply of the power source from a dc-battery 28. The 
plasma control unit 26 controls the drive of the plasma generator 27 while it receives the signal from the 
accelerator opening sensor 30 and an oil pressure sensor 44 and detects the injection condition of the fuel by 
the fuel injection nozzle 1 1 based on these signals. 

[0026] Hereafter, the operation and effectiveness of this operation gestalt which were constituted as 
mentioned above are explained, like the inhalation-of-air line of an engine 32 — from ~ in an expansion 
stroke, when a fuel is injected towards a combustion chamber 34, as for the fuel fed from the fuel-injection 
system 35, it passes through the fuel path 20 in the holder body 15 as mentioned above. He is trying for the 
plasma generator 27 to make both the discharge electrodes 21 generate discharge by impressing high- 
frequency voltage in the fuel injection nozzle 1 1 of this operation gestalt at the fuel path 20 in the case of 
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this injection. Thereby, corona discharge arises around both the discharge electrodes 21, and the fuel which 
passes through the fuel path 20 is charged. In case this electrified fuel is injected by the combustion chamber 
34 after that and generates gaseous mixture, ionization of that fuel is promoted. 

[0027] Thus, since ideal combustion can be performed while being able to shorten an engine combustion 
period if it discharges to a fuel just before being injected by the combustion chamber 34 and the ionization is 
promoted, the carbon monoxide generated by the cinder of a fuel, unbumt hydrocarbon gas, nitrogen oxides, 
etc. are reduced, and the discharge of such harmful matter can be reduced sharply. Moreover, since a 
combustion reaction is centralized by compaction of a flaming speed for a short time, the high increase in 
power of a gasoline engine and improvement in responsibility can be aimed at. 

[0028] Furthermore, also in control by the plasma control unit 26, if the fuel injection by the fuel injection 
nozzle 1 1 is started, since impression of high-frequency voltage will be started from the plasma generator 27 
to a discharge electrode 21 , it can discharge exactly towards the fuel in front of the injection which passes 
through the fuel path 20. Moreover, even when an engine load becomes high and many fuels are injected by 
the fuel injection nozzle 1 1 since it is the method which controls the reinforcement of the plasma generated 
by impressing the high-frequency voltage according to fuel oil consumption to a discharge electrode 21 for 
example, the fuel of a high flow rate in the fuel path 20 can be efficiently electrified by making plasma 
reinforcement increase. 

[0029] Next, the plasma control routine for controlling the plasma generator 27 performed by the control 
device shown in drawing 4 is explained. In step S10, the necessity of a drive of the plasma generator 27 is 
judged first. In detail, it judges whether the conveyance-of-oil pressure signal P of a fuel is larger than the 
predetermined value alpha. The predetermined value alpha is set as the value of ****** (it is called an 
injection- valve opening pressure) required since fuel injection is started from a fuel injection nozzle 1 1 . If 
these criteria are not fulfilled (i.e., if the fuel is not injected to a combustion chamber 34), step S10 will be 
repeated. On the other hand, if said criteria are fulfilled (i.e., if the fuel injection to a combustion chamber 
34 is started), it will shift to step S20 and the drive of the plasma generator 27 will be started. 
[0030] Specifically based on the accelerator opening signal Q and the conveyance-of-oil pressure signal P of 
a fuel, the plasma generator 27 is controlled to the fuel quantity injected into a combustion chamber (judged) 
to generate the plasma of the optimal reinforcement. The high voltage needed for generating the plasma of 
predetermined reinforcement in detail is impressed to a discharge electrode 2 1 . Thereby, from a discharge 
electrode 21, corona discharge occurs, and the fuel around a discharge electrode 21 is charged and is 
ionized. 

[0031] At the following step S30, the necessity of drive termination of the plasma generator 27 is judged. In 
detail, the conveyance-of-oil pressure signal P of a fuel judges whether it is below the predetermined value 
beta. The predetermined value beta is set as the value of ****** (it is called an injection- valve closing 
pressure) in case the fuel injection from a fuel injection nozzle 1 1 is completed. If these criteria are not 
fulfilled (i.e., if the fuel injection to a combustion chamber 34 is continuing), drive control of the plasma 
generator 27 will be continued in step S20. On the other hand, if said criteria are fulfilled (i.e., if the fuel 
injection to a combustion chamber 34 is completed), it will shift to the following step S40, the drive of the 
plasma generator 27 will be stopped, and a plasma control routine will be ended. 

[0032] In said plasma control routine, if the fuel injection to a combustion chamber 34 is started, since 
impression of the high voltage will be started from the plasma generator 27 to a discharge electrode 21, 
discharge can be exactly generated towards a fuel just before being injected. 

[0033] moreover, the thing made to increase plasma reinforcement even when the applied voltage to a 
discharge electrode 21 is fluctuated according to the detection result of the injection quantity, the load of an 
engine 32 becomes high since it is the method which controls the reinforcement of the plasma to generate, 
and many fuels inject to a combustion chamber 34 — the gaseous mixture — it can be charged efficiently and 
an inner high-concentration fuel can be made to ionize 

[0034] By the way, a combustion reaction will be the oxidative degradation by the oxygen of the quality of a 
combustible, if it puts in another way. Generally, if the target matter is beforehand ionized on the occasion 
of the chemical reaction, the time amount which the reaction takes will be shortened. If the quality of a 
combustible is ionized also in the combustion reaction from this, it will be thought that the reaction can be 
performed efficiently, for this reason, the inside of a combustion chamber 34 — gaseous mixture — if an 
inner fuel is ionized, while the time amount of the chemical ignition delay after the forced ignition was 
carried out with the ignition plug 33 will be shortened and ignition will concentrate and take place, a 
subsequent combustion reaction also comes to advance promptly. Consequently, combustion explosion of a 
fuel is promoted and combustion of most injected fuels is completed for a short time. Therefore, 
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phenomena, such as incomplete combustion and knocking, stop being able to happen easily like the 
conventional engine. 

[0035] Thus, according to this operation gestalt, since the combustion period of an engine 32 is shortened, 
the carbon monoxide generated by the cinder of a fuel, unburnt hydrocarbon gas, nitrogen oxides, etc. are 
reduced, and the discharge of the harmful matter which makes these a principal component can be reduced 
sharply. 

[0036] Moreover, in the engine which has generally obtained driving force by combustion explosion of a 
fuel, a combustion period governs that engine performance, and improvement in thermal efficiency and the 
improvement effect of combustion stability are acquired, so that this combustion period is shortened. In this 
operation gestalt, as mentioned above, since a combustion reaction is centralized by compaction of burn 
time for a short time, the high increase in power of a gasoline engine and improvement in responsibility can 
be aimed at. 

[0037] Furthermore, according to this operation gestalt, since the thermal efficiency and combustion 
stability in a combustion chamber 34 of an engine 32 improve, the field of the air-fiiel ratio which can be 
stabilized and operated in the range which results in operation of a heavy load from operation of low loading 
is expanded. It becomes realizable [ the lean combustion stabilized compared with the conventional lean 
combustion gasoline engine by this ], and improvement in specific fuel consumption can be aimed at. 
[0038] In addition, in this operation gestalt, it is possible lightweight and to use as a compact the device 
which constitutes the plasma control systems 29, such as above-mentioned discharge electrodes 21 and 22 
(after-mentioned), the above-mentioned plasma generator 27, etc. Furthermore, since these devices are not 
accompanied by mechanical drive, they cannot be easily influenced to vibration of a gasoline engine. For 
this reason, comparatively easily [ extension / equipment ], the increase of cost can be suppressed as much 
as possible, and can be performed. 

[0039] In addition, this invention can be materialized in another operation gestalt shown below. 
[0040] (1) In this operation gestalt, although high-frequency voltage is impressed to the discharge electrode 
21 of the pair estranged and arranged as plasma developmental mechanics in the fuel path 20 and discharge 
is generated, other approaches may be adopted. For example, as shown in drawing 2 , a discharge coil 22 
can be arranged to the tube wall of the fuel path 20, the high frequency current can be energized to this 
discharge coil 22, and the plasma can be generated also by the approach of generating discharge in the fuel 
path 20 according to induced electromotive force. 

[0041] (2) In this operation gestalt, although the solenoid mold fuel injection nozzle is shown as an example 
of a fuel injection nozzle 11, you may be the fuel injection nozzle of a different format. For example, you 
may be the fuel injection nozzle of a hole form, a pin form, or other formats. Also in such other fuel 
injection nozzles, the discharge electrode 21 of a pair can be arranged like the fuel path 20 for leading a fuel 
to a nozzle hole, or a discharge coil 22 can be arranged to a tube wall, and discharge can be generated at the 
fuel path 20 by [ which impress high-frequency voltage to these and is in them ] being and energizing the 
high frequency current. 

[0042] (3) The plasma control unit 26 may detect the injection condition of a fuel with the accelerator 
opening Q and detection means other than ****** P of a fuel. For example, the injection condition of the 
fuel injected to a combustion chamber 34 may be detected by detecting the centrifijgal spark advancer 42 of 
a fuel injection pump 37, and the operating state of a timer 43. Moreover, in the case of a gasoline engine 
equipped with an electronics control-type fuel injection equipment, the control signal can be used. 
[0043] (4) This invention is applicable also to the gasoline engine into which superchargers, such as a 
turbocharger, were built, and the gasoline engine into which the so-called EGR system which takes out a 
part of combustion gas from a flueway, and was returned to the inhalation-of-air path was built. 
[0044] 

[Effect of the Invention] At the fuel path of a fuel injection nozzle, by electrifying the fuel in front of 
injection, ionization of an injection fiiel can be promoted and, according to the 1st invention, the combustion 
reaction can be promoted. Thereby, a combustion period is shortened, and while being able to reduce the 
particulate matter in the exhaust gas resulting from the cinder of a fuel, an engine high increase in power and 
improvement in responsibility can be aimed at by centralization of combustion. 

[0045] According to the 2nd invention, the fuel in front of injection can be effectively electrified by making 
a fuel path generate discharge and making it produce the plasma in addition to the 1st effect of the invention. 

[0046] According to the 3rd invention, it can be charged and a fuel can be made to ionize exactly by 
discharging towards a fuel just before being injected by the combustion chamber in addition to the 1st or 
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2nd effect of the invention. 

[0047] According to the 4th invention, it can be charged and a fuel can be made to ionize efficiently by 
generating discharge of the reinforcement corresponding to the fuel quantity injected by the combustion 
chamber in addition to the 3rd effect of the invention. 

[0048] According to the 5th invention, the fuel in front of injection can be effectively electrified by making 
a fuel path generate discharge and making it produce the plasma in addition to the 1 st effect of the invention. 

[0049] According to the 6th invention, it can be charged and a fuel can be made to ionize exactly by 
discharging towards the fuel in front of injection in addition to the 5th effect of the invention. 
[0050] According to the 7th invention, it can be charged and a fuel can be made to ionize efficiently by 
generating discharge of the reinforcement corresponding to the fuel quantity injected in addition to the 6th 
effect of the invention. 



[Translation done.] 
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[Drawing 2] 
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